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Abstract

The configuration for a new data acquisition
system for the Wenpone Neutron Research Fncility at

the I,os Alamos Nntional Laboratory is introduced. I%??

systf!m utillzes a FA:lTRUS front-end for real-time data
collection and DEC computers for the @xperiment con-
trol and analysie. A 10CS1 area natwork is used
extensively within the overall eystem.

Introduction———

111 r~cent yearn the Weapons Neutron Resenrch
(WNR) !’acilit.v has developed into one of the nation’s
prinr ipal rbewt.ron acatt. erlng centers for rmrlpar
pllyflirs and rorlrienneri mntter measurements. Neutron
f’l IIY intensjt ien r4nrt pu] se characteristics will be
3ubnt.ant ial ly Pllllallcrrf when the Proton Storage Rinn
(1’ S11), which clrrill~ted first beam this spring, be-
comrq f(llly operational iII the fall. Flux intennlt.les
,Tro Krrlcl,nliy nxpectrrt to Increnqe by a factor of
apprnximmtcly ?’,0 , thus rendering the preoet)t dntn
nrqllirlit ton syntcm Inrwtquate. The PSR repctittrm
rntr mny bc ndjllstrfl rrs low as 1? pulses prr second
wltllnl, t nlrrll’tc!flg nveraRe intensity. wItll t.llln
rnllnl,ll Ity n~w mvnsurrmrntn uPtnu slow neut.ronn nre
pla( t 1(’!11 nn,i Innv Incrmnsr memory requtromelltn for
d-rt n otornm III) to nn order or mamitudc over that now
Pmlllnyrd , Ilnirlfr t.lIP rurrent faclllty repetition rntr,
tllr!rr Illou neutrons nrrive at t.’w detpctor flrt~t’ the
!l.-lf,t or tt)m next burnt of neutrmls (frnmo ovrrlnp)
tllll!l rr~ntillg nmt,lgultyo lbcnunn of Rrowth 111 the
mrnollrfimrtltn p)v>~vnm, It. In ~urther dosircrf tO 111-
rtnnnc thr ntlrnl, er 0!’ lnstrunientn acrvert by thn new
nynlrm to a eio7.ctl.

Irorn thnnn tlc!ttrnn nourre chnrnct +rlntlrn, from

t 11P nlrenpths m! wrnktlonneer of our prenent nyntom nn
wml 1 nn thonn nt ot.lwr.at)rjrnt,orjr.rr,nnrlfpr.mt,f)p
nvnllnl, llity 0!’ hlxh portormnll(’o crm 1.4 r rind rom-
mllll If*n! 1{111 I. flIIl prnvflt nt rr.nnollnt,l~ roflt , I’fvo hrrntr

flllllf~lfnm~~ f~Ir OIIr IIn W nynt~m RvIJlvd. 1 ) ::Prv!I’m ench
ltl!~ttl)me.flt. witlI Itrr own dndlrnto,t nynt em. ,’) :~lll,l,t)rt
1,..:I l-t I me drlt H nrqlllnlt Intl in dedl,,nt-[1 hnt(lwnre
0111 nl!ln the bTfVIPI:Il ruIrp{Inm romt)~ttrr onvlronmmtll. 1)
Lft)k tt10 itlntll,m~flt ny~, tnm t,tgnlltrr loonrly bIllt I n

Io,.nl nrmrr tlntw,,l!l{, l!) Irl,.ludr wlt.l~lfl tllo t}~t wnl, k n
m,~f.c pl>wnrllll ,.,~ml,llt PIJ n ~’vrv* !tnt n. rv,!~lt,t lnt I ntl!l
nllnlynln rertlfl nl),l overrrnp IInln iIIV, hIVItlfl, r))
tt(lllIIln I,f7,m llItlI nr,llwlto rrIId Iurrdwnre In PIlnl,lo t.hm
I)tl,fitlvnt IIn O ,~f mt,{llil~n III Mul,p(>tt of diverne ltlntru -
m~tlt,a ntwl Pxl, erlment, n.

Ilpl)ll nxnmlnltlR ~IIIt fnvn nvai Inhla In thn rrlmlmtet’
mltrk, tt , tllm prt~ferollrr.m of’ Ilnorn, al,:t no ftunre nnll

lIIIId W~Pm Irnrn o!lImr lt\ntnllnt.lntlre tlwtt miKht he llII?nr -
mlt,nl~d Wl!,l)lll N)llt$ nynf em, a nulut. itw Imnmd on III!(’
rqllllimrv)t wn* ,It,,tnlo{l, III hntldl~ IIIP ns~lm!tl.n,l t,(>linl,
rnl en Will oh, Ilmm aVPt,tlR?d, may renoh 1 MI17, and ltl -

etantaneously r-each 45 Mfi7,, our design required the
epeed and flexibility afforded by FASTBUS[ l]. This
pnper introduces the factore which motivated our
design, the resultfng datn acquieitior configuration,
end the current etatus of the work. Discussion heRins
with the system wide perspective and proceeds toward
t,he FASTBUS hardware at the detector interface.

Network

At the highest level of generalization, our
eyslem ,11.IY be viewed an a network which links a rel8-
tivcly powerful central hont nyntem to a set of less
compl~x front-end systems, each rtedlcated to data
acquinitlon for a ningle neutron scatt. erin~
instrument. ‘h network, mhown schematically in
Fiwro 1, provides the hardware communication pnth and
noftwnre control r’or t,ho data trtinnport frnm the
front-end syatemn to the central dnt,a archive, an WC1l
fi!l fnr the flow or sort.wnre modules in the opprrn!te
dir~ct,ion, An the Et.aff_inK rIupport. for the pro.loct. 10
entnhlished at. a minimum level, we prerer to hl}y
commercial produrtn whenrvor possible. Thus , tile
network is necessarily consldured to be nn c-f-thr-
nholf item.

At. this t 1me the ncl, w[>rk In lnrEPly it! IIlarfD.

TIII~ locnl area network lit!kln~ our Ryntnms tng~l,flrr is
an lWIPrnct sy.strm rorln!nt:tlR 1,( t,r, th fit,er opttc 311d
conx nectionn. 1ne crtnx nor!t!ons nr? uned wit. hin n
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single bul ldlng and the fiber optic sectione ● re used
for &ographically isolated buildings ●nd sites where
dirferi~ grounds may oose problems. Preeently, the
fiber Optic portion is installed between aix
haild:ng- It links together two VAX 11/750 computers
and one microVAX I computer. A connection to the
laboratory wide broadband network ie provided through
one VAX 11/750 system. We still are in the develop-
mi=nt phaee of the project so the new systems and the
coax joining them do not yet. exiet. Software control
in provided with DECNET, Should performance iasuea
ariee in the shipment of large data files, some work
In ndapt a locally deflnei-f protocol to the exietinc
drivers would be acceptable at some point in the
future.

Trint aervera and terminal servers will be con-
rmrted to the network and will provide network
rennurces not a!!sociated with any particular computer
8y8tem. lMo terminal eervere are currently on order.

Host Sy.9tem

The rentral hoet system la designed to provide
added capability for the experimental program in three
Iml,)or areas: dmta archive munagamentt data reduction

and nnclysis where extensive numeric caIculntions may
hc involved, and aorl. ware development and mainten.lnc!~
support, . This sy~tem will have no real-time data

acquisition role and is intended primarily to support
exporimenf. s which have been completed, in contrast
witt, those in prcgrenn. The central host eyetem will

be n ‘iAX 8600 Clas”, machine.

After data collection, dnta obtained with the

front-end 9yntom will automaticmily be forwnrried to

tlII= host svs~.cm wllrro it is archived and rctainert CNI-
l!IIP for the d(Jration or the run cycle, Not Ienn than
IU cignt,yt09 or disk storage in er,vieioned f’or thin
9ygt ~m. I’nwerlul color graphtrn terminals nupport, rd
wttll [MA nrrrnn will hr provided to nrjnlnt wlttl dntn
lr)t~tl>t.etnt.lor~ nn(! annlynls, Tht,otw,h the lnhorntory
,,mlw,, pl< (Xtil;’1’), It will be possible to nccrsn pownrflll
rnml,lll ilvr rcflc)tll,r~n with I’rnyn, 7000n, etr, , an WOII
/1n ‘x{>! 1~ p~’fipllcrnln nuch An high “peo(l lnnct,

prltlt~rn nml pllotc)-l,lottors, Mnr(I rmtinf= l,et ipt)ornln
llke mnr,net Ir tnph drl!on wI1l he nvnilnhle locally
for nl.chlv~t hnrk+, nnd dmtn export functlonrt

~lwlt.-fwl:&nt.Pmu. .—. — .--—

determine the health of the experiment via some
deteiled on-line analysie. Other experiments may be
a~le to finish data collection and at the same time be
! iniahed with data reduction and analyeis.

ibwerful aa it may be, the front-end computer ie
incapable of handling the expected worst case data
ratee from the detector arrays. Scaling current WNR
counti~ rat.ee to the expectpd PSR levele indicates
that burst rates of ~5 FtNz for a period of 10 us early
in tlw neutron pulse are poseible. Of course these
count ratea drop at inter tines in the pulse finally
reaching an average count rate of 1 Mlz for the worst
caac. Additional requirement that dead-time correc-
tions not exceed 0.5% and Conatnnt dead-time be

enforced (drop all deta from a neutron buret if any
event cannot be proceeeed within a user defined fixed

time interval) force an implementation with custom
hardware for bufferi~ eve!)tn as they arrive from the
detector. In our judgemont it is reasonable to com-
plete the data capture process, including dnta
compaction and hist.ogramming, in hardware and dedicat.~
the com~ter to control and analysis t,aska. This
hardware la desc; ibed at lmgih in the following
section.

Ik3vclopment of these front-end comptlter tqaks 1s
extremely eortware intennive and has been the rcml!s or
conaidt?rable ●i’fort over the past Vear. As tlle sub-
ject of other papers!2,31, the mnin data acquisition
taekn are lieted below an background ror the hardware
requi,,ements. They incll!de cunfigurotlon initiali7n-
tian, instrument control , data collection, [iat. a

cntnloging, automatic run aequenci~, nnd Rraphicn for
monitoring the health of the expcrimsnt, and data
analyaie.

me basic hnrrlware confi$,!)rnt ion ror each f’rnnt -
Q!ld 1s shown in Fi%urc 2. An drlivvrd , en~h
mlcrnVAX 11 will he contnlned dlttlin n ‘,.;”,” rnrk
mnul)l ch7asi~ wh ioh incl Ildrn ? MoEnl)yten of’ mf ,oory, o
71 M(.unhyt,F harti disk, a qr, ~Enbyt.c rnrtrld~l! tnl,~, ‘1

nerlnl portn, Pnd an llllnrnrt inter f”nre. Wc nll -

t,iclpnte thnt. in t.h~ I’lltl)re it will he norennn!. y :()
upp,rndv thin disk to !ncr-nne t,ttolnrnl ntornpc

rnl]nclt.y to at, lennt 1?0 I+gnhyt.on. Ar the complol !(III
or enctl run, control inrorrnnt inn nnd dntn mmlert r.ft by
i.llc experiment?.r will he writ.r,on t.o ttle lrtral rtlnk iII

n RCn@rnli7crd ,ind rlex!hlm rf)pmqt , Ihrme fllPn mny he
nn lnrgm nn 4 Megnt)yt, nn, no Pvrn ]nrgc Int,nl dlnkn

Oollld I1O [tiled q\\ickly, I.mnl nt.orlnpe !s mnn,lntory
nttll~o rel iahle opornt ion of ttlr t)!~t.work nfvl ‘I()?t

nynlem nhLnIld not h- t,nkotl !or p,rnl!tod, At. n mln!mtlm,
10(,,11 ntornRe rn~lncit. y f or rilrn (~r~ It!$(l dIIrl IIZ n flny
nr running in r~q~ll.,ed, !:holll d t.tln !Intwol’k /tlont,

rornnln unnvnilnhlp, t.hrr lo,.nl cnrtr!,lgfi tnpm (,r,lllr! lm

uned to mnb~ C.of)ien or nl 1 dot n from tlm picofidlnn
dny , Nnrmally, t.tw onvtridge t.n~,m in rcnnrvod f(w
‘ifnk backup o~}~rnt,fnnn,

Sinre the dnt,n OIlt rltIIf$d WI t tlt,lls rr[lll! -mllft nvn.’
temn (~nu 1* n~lllt 10 ntwt rltml)lnxl Illp,ll rentllll 1(,t] orll,)l
Rrnpltien, wll I he lnvllldrvl here n,l wol I ftn nn tlw milt,-
I)(!wr+l f Ill hont nynt em. ‘flItn Rrnpht(,n rnpnhllltv
Ftlnh!.en rup ill ltlnpw! 1o11 of’ t,lle qllnl It y of” t 11P tint n
ntwt nllnwn in tlmnr-ttme PII onprrlmotlter t,! nelrf~t

mennurrmentn thnl mnke hint.t, line of’ hln t,ellm tlmn.
lnll.lnlly, n rf)ml)lnmd r,f\mmnt\tl/Rt~mllllll,n tmrrnlllnl Uil I
prt, vldrl exp~rlm ut rnrlt rol ntul dntn mtullt ,ll,ttlR

cnllnt)ll tt,y , Intel, a ne(~ntld IIIKII rnfl(,lllt 1,,11 dndl,,nlr,t
Klnphi(”n tarmlt)tt! with rr,lor n!d n pQrBllm I IIMA jfl IPr -

faoe will b. ●dd.d.

A nlmlilm reKlntnr III,lVMI1 1/(1 ftllet~fnl~n IHI n
C’AMAt” myntom rrnt,clWIII hm ttpllllle,i“t)tllmlr!ltlt-!’+11!1
nynt.om. :Iitlno no lWflB(Jt, l! Oa)tIt, n ft)t+ !A!:lt\thi n!~R~Ohl!I
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riuure :. Dlork diagram for the fl’ont-end ayatem. Contento or the FASTFIUS and CAMAC
crates dep&ds on the instrument and/o;. the experiment,

nv~ ronwnerciftlly nvnllnhle at thin time, Wxist.ing
prrnnt nrnlers will !)? used in the CAMAC

Lfkowlsc, motor control interfaces and
rqIIl pmpnt, rfistribut.crf throw!llout the
vnrloIIs (’AMAC srrial highway nystemn wtll

Uric with n aerial driver loontcd in th~

,,,l,rf~{l , nlll, rurrent prototype I’rnllt-rmd
tn of n mtrrn VAX 1 (’I’ll with 1 MrRnl)yte of’

!k)!”,!lbyto 11.lt’(t (Ilok, two 1100 Khytr f’]()[)lly

Figure 3 illustrate the hnnir dnin flow
; A’71’fNIS nynt,em. steppi~ t,t)rou@) t.k c[ww-atiml

yntrm t,riefly, the mnnt. rr clock is init

of the
or the
lll170d
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Figure 3. !;chematic flow of data throuRh the FASTlll13 module set, FIefore dnta acquisition

begins , modules are initialized through the computer lntrrrnre. Cnce begun,
the data flow procreds fYom the master clock in the clockwien direction.

cwr rteeim gonl ie set at 5 MNz for time averaged

hintogramrn,ng ratee.

Peeim) t4nd fnhrlcation of prototype Or tho
modlll~ net. hnn be~n completed and only the mnpper
mmlljle remnlnn to br debug.qerf. S!nce tho mnpprr
tlml T1g rorna inn unchnrncteri7. w-t, actual nys!. rvn pcrfnr-

mnrlr~ fiflurort nrr not yot rrvailr+hle, IInlnnn mow thnrl
!lrln h\]lk nt crrc in Used , houcver, tho

t,f,/}ll/ lrlcrnmotl t./wr, i to cyrle timfr, ‘{0(1 nn, in t.hr limlt-
1flu Inrt.or. A future denign whle:] er)nhlen memory

interleaving will ●limlnnte this per f’ormflnca problem.

l~ljrf~t) per f’npmnnorr jr] t!le ‘fY)F grcnt,ly excee4n t,hc

donlptl mllef~l f’lf!nt. l{)r). I’ulrw pnlrn with time npnrinR
nn low ns 7(I nrr mny he nrceptrd without ions or dflt. m
!f) n pnlt’ of reRlnt*rn precortirv? n (III wrrrrt dfw+p FIFO,
Ij;)tn I,tmr) f’lown Into t.llln FII:O at Itn mnximllm rnt,$, 7!1
!~l l;. , l)nt n In remf, vvd f’rom the hot, tom (Ir the F’11() nt.
Ill MlI:, nnd (Ie:)onlt. nrl III nnp of’ t,wt~ nttttlc RAM I’rnmn
I)l]ffr+tn tlmt t,t,pgle hntw-rtl tlelllrnrl Itllrnt.s, Ill* lo~lr
Wlllfll mnnltr)f, n ttw mvont, fit, rnt, on rnr} rennlve nt. t~nho
;!olnt,nt lr, rl t Imhrt flc, wtt t,r) 10 tin nttrl t.ll\ln nrly dnntf-t lm(,
It] oxrwnn of’ tllln nmml,:t cnn ho I’lngged . A!,nilmlnR
I’fllt ,~lltl nt, fltlnt, l(n, Inn dmtd. t.imo rnrr Pct I(N} for thm
111Ell~nt P,)llllt, rnt P nf’ I ,’/ tll17, fOt~ n nif~lo (let,o{,tr~r
nlrmrltt, Rtul for n (Itlrat, i [)11 of’ 10 un irr losrr ttlntl

O ,();’%,

H\tmmnry—..—.

1~1 dntm f\\Ir ax I\rIrlot)oe with tlm roalen(ltlt{ myntem
in very ~N)nltlvn, ‘Ille prtrt ftlonfng I)(’ (11P nyntvm

Mrt.tll terf.lll~m In I)erlmpft Itm Rrentent I’entilre: t) dnln
Pfipt llr@ ntv! hlnttlnrnmmltlg wtthln thm exrollmt ranl.
t i mn FfiVl”lll(lfi @llv I I,l)llmmllt. r-l inVn R tlln Irolll.?tll!
ommltill,cr Irtlm I !me r~t,ft loni functfonn urwi thPrPfot,P ;’)
wnl)lnri flm urw III the front -end ny~t~mn of n Iamtllnr
nrltl Pollllnt opPrat ills nyntnm (Vtfl) nut. knr)wtt f’or Itm
Irnprnnnlvo roaf. ttmn (Stlnt,aotar’tnli(,m, Flnnl)y, 3) th*

not wl}rk, Ill nddltlnn tn provldlnR n Ioonnly rollpletf

nytttom, alno nllnun gradual growth whioh matchwn wmi I

our f’und lnm outlook ,
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